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(54) Ob}ecl detector and object detector system 

(57) An object detector includes: a d^ector for out- 
putting a detected quantity based on a presence or 
absence of an otsject to be detected: a setting device for 
setting a tftreshoW; a comparater for comparing the 
detected quantity obtained by the detector with the 



threshold set by the setting device and oulputting a 
detected result; and a display for numerically displaying 
either the detected quantity otttained by the detector or 
the threshokJ set by the setting device. 
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Descripti n 

The present Invention relates to an object detector, 
an object detector system, a display device for object 
detectors, and a setting devic for object detectors. 5 

Object detectors such as photoelectric switches, 
proximity switches, ultrasonic switches have heretofore 
been used for detecting the presence or absence of a 
moving object along production lines in plants (or facto- 
ries). For exanple. a photoelectric switch determines io 
the presence or absence of an object by projecting light 
onto the conveying path of an object and detecting the 
presence or absence of reflected light or transmitted 
light from the object 

In a photoelectric switch of a transmitting type, in is 
the case where there is no object to be detected in a 
sensing region, light emitting from the light-emitting sec- 
tion is received by the Oght-receiving section. In this 
case, when the level of light received ts equal to or 
smaller than a predetermined threshold. It is judged that 20 
the object is present. On the other hand, in a photoelec- 
tric switch of a reflecting type, in the case where there is 
an object to be detected in the sensing region, light 
emitting from the emitting section is reflected by the 
object, and the reflected light is received by the light- 2S 
receiving section. In this case, when the level of light 
received exceeds a predetermined threshold, it is 
judged that the object is present. The sensitivity of the 
photoelectric switch is adjusted by changing the afore- 
mentioned threshold (operative level), so 

The thus operating photoelectric switches nwy, in 
some cases, face the problem that the level of light 
received is reduced due to such causes as displaced 
optical axis, stained light-emitting or light-receiving sur- 
faces, deteriorated performance of the light-emitting 3S 
element of the fight-emitting section. In these cases, it is 
necessary to re«set the sensitivity t>y cfianging the 
threshold of the photoelectric switch. 

To overcome this problem, photoelectric switches of 
an automatic sensitivity setting type which can set the 4o 
sensitivity automatically are being developed. Auto- 
matic sensitivity setting photoelectric switches sample 
received light quantities by a control input from an exter- 
nal device and set a threshold based on groups of data 
obtained by causing a microconputer or the Rke to cal- 4S 
culate the sampled data. 

In the aforementioned automatic sensitivity setting 
type photoelectric switch, a threshold Is automatically 
set witWn the photoelectric switch so that the sensitivity 
of the photoelectric switch becomes proper. However, so 
the operator is not informed of a set threshold, nor can 
he finely adjust the set threshold so as to match a meas- 
uring environment 

On the other hand, some conventional photoelec- 
tric Bwitdies display the level of Bght received by using a 55 
plurality of light-emitting diodes (LED). However, the 
operator is not informed of a correct quantity of light 
received, nor can he be informed of a currently set 
threshold. Thus, a margin of the quantity of light 



rec«ved with respect to the currently set threshold can- 
not be recognized. As a result, the operator cannot 
know the timing at which to re-set the sensitivity, either 

Moreover, ri a photoelectric switch system having a 
plurality of photoelectric switches must set a respective 
threshold for each photoelectric switch. In an automatic 
sensitivity setting type photoelectric switch system in 
particular, each photoelectric switch has a threshold 
automatically set. In this case, the operator is not 
infbnmed of a threshold set for each photoelectric 
switch, nor can he be informed of the level of light 
received of each photoelectric switch correctly, either. 
Further, he cannot make a fine adjustment of the 
threshold set for each photoelectric switch so as to 
match a measuring environment, either. 

An object of the present invention is to provide an 
object detector system including an object detector that 
allows the operator to be infomied of a set threshold or 
a detected quantity conectly. 

Another object of the present invention is to provide 
an object detector system Including an ot)ject detector 
that allows the operator to finely adjust a set threshold. 

Still another object of the present invention is to 
provide a display device for object detectors that can 
display the threshold or detected quantity of an object 
detector correctly. 

Still another object of the present invention is to 
provide a setting device for object detectors that can 
finely acflust the threshold of an object detector. 

An object detector according to a first aspect of the 
invention includes: detecting means for outputting a 
detected quantity based on the presence or absence of 
an object to be detected; setting means for setting a 
threshold; a conparing means for comparing the 
detected quantity obtained by the detecting means with 
the threshold set by the setting means and outputting a 
detected residt; and display means for numerically dis- 
playing either the detected quantity obtained by the 
delecting means or the threshold set by the setting 
means. 

An object detector according to a second aspect of 
the invention further includes ac^usting means for 
ac^usting the threshold set by the setting means in the 
construction of the object detector according to the first 
aspect of the invention. 

According to a tiiind aspect of the invention, in the 
object detector according to the first and the second 
aspects of the invention, the setting means further 
includes automatic setting means for determining, at a 
setting operation, the threshold based on a detected 
quantity of the presence of the object and a detected 
quantity of the absence of the object. 

In the ot)ject detectors according to the first, the 
second, and the third aspects of the invention, not only 
the detected result is outputled by comparing the 
detected quantity obtained by the detecting means with 
the threshold set by the setting means, but also tfie 
delected quantity obtained by the detecting means or 
the threshold set by the setting means is numerically 
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displayed. Therefore, the perator is informed of the 
detected quantity or the set threshold con- ctiy. 

In the object detector according to the second 
aspect of th invention in particular, the threshold set by 
the setting means can be adjusted by the adjusting 
means. Therefore, the operator can finely adjust the 
preset threshold so as to match a measuring environ- 
ment. 

Further, in the object detector according to the third 
aspect of the invention, the setting means Includes the 
automaticafly setting means. Therefore, the threshold is 
automatfcaOy set based on detected quantities to be 
obtained by the detecting means at the time a setting 
operation is peiioniiied. the detected quantities being 
obtained at ttie time a detecting operation Is performed 
and at the time a detecting operation is not performed. 
In tiiis case, the automatically set ttireshold is numeri- 
cally displayed. Hence, tfie operator is informed of the 
automatically set threshold oorrectiy. 

An object detector according to a fourth aspect of 
the invention includes: detecting means for outputting a 
detected quantity based on the presence or absence of 
an object to be detected: setting means for setting a 
threshold; comparing means lor comparing the 
detected quantity obtained by the detecting means with 
the threshold set by the setting means and outputting a 
detected result; and display means for numerically dis- 
playing a detection ratio of tine detected quantity 
obtained by tiie detecting means with respect to the 
threshold set by ttie setting means. 

In the ot^ect detector according to the fourth aspect 
of the invention, not only the detected result is outputled 
by comparing the detected quantity obtained by the 
detecting means wHh the threshold set by the setting 
means, but also the detection ratio of the detected 
quantity obtained by tiie detecting means witti respect 
to the threshold set by ttie setting means is numerically 
displayed. Therefore, the operator can recognize a mar- 
gin of the detected quantity with respect to the set 
threshold. As a result, the operator can know the timing 
at which to re-s^ the threshold easily. 

An object detector accorcfing to a f iftti aspect of tfie 
Invention includes: detecting means for outputting a 
detected quantity based on the presence or absence of 
an object to be detected; setting means for setting, at a 
setting operation, a threshold based on a detected 
quantity of the presence of tiie object and a detected 
quantity of the absence of tiie objects; comparing 
means for comparing the detected quantity obtained by 
the detecting means with the threshold set by the set- 
ting means and outputting a detected result; and adjust- 
ing means for adjusting the threshold set by the setting 
means. 

In tiie object detector according to ttie f ifUi aspect of 
the invention, th detected result is outputted by com- 
paring the detected quantity obtained by the detecting 
means witii the threshold set tyy ttie setting means. In 
addition, the threshold set by ttie setting means can be 
adjusted by the adjusting means. Therefor . the opera- 



tor can finely ac^ust the set ttireshold so as to match a 
measuring environment 

An object detector system accordng to a sixtti 
aspect of the invention includes a master object detec- 

5 tor and a slave object detector. Each of ttie master 
object detector and ttie slave object detector includes: 
detecting means for outputting a detected quantity 
based on the presence or absence of an object to be 
detected; s^ng means for setting a ttireshold; corppar- 

10 ing means for comparing the detected quantity obtained 
by the detecting means witti ttie threshold set by the 
setting means and outputting a detected result. The 
master d^ect detector furttier includes: display means 
for numerically displaying the detected quantity 

75 obtained by the detecting means of ttie master object 
detector, tfie detected quantity obtained by ttie detect- 
ing means of the slave ot^ect detector, the ttireshold set 
by ttie setting means of ttie master ol)ject detector, or 
ttie ttireshold set by ttie setting means of the slave 

20 oi^ject detector. 

In the object detector system according to the sixtti 
aspect of the invention, each of ttie master object detec- 
tor and the slave object detector outputs a detected 
result by comparing ttie detected quantity obtained by 

2S ttie detecting means witti ttie ttireshold set by ttie set- 
ting means. The master object detector in particular 
numerically displays ttie detected quantity obtained by 
ttie detecting means of ttie master object detector, the 
detected quantity obtained by the detecting means of 

30 ttie slave object detector, ttie ttireshold set by the setting 
means of ttie master object detector, or ttie ttireshold 
set by the setting means of the slave object detector. 
Therefore, ttie operator is informed of the detected 
quantity obtained by the master object detector or ttie 

3S slave object detector or the threshold set to the master 
object detector or ttie slave object detector correctly. 

An object detector system according to a seventti 
aspect of the invention includes a master object detec- 
tor and a slave object detector. Each of ttie master 

40 object detector and ttie slave object detector includes: 
detecting means for outputting a detested quantity 
based on the presence or absence of an object to be 
detested; s^ng means for setting a ttireshold; compar- 
ing means for comparing ttie detected quantity obtained 

45 by ttie detecting means witti ttie ttireshold set by ttie 
setting means and outputting a detected result At least 
elttier one of ttie master object detector or ttie slave 
object detector further includes: adjusting means for 
acljusting the ttireshold set by ttie setting means of ttie 

BO master object detector or slave object detector or ttie 
ttireshold set by the setting means of ttie ottier slave 
object detector or master object detector. 

In ttie object detector system according to ttie sev- 
enth aspect of the invention, each of ttie master object 

55 detector and ttie slave object detector outputs a 
detected result by comparing ttie detected quantity 
obtained by the detecting means witti the threshold set 
by the setting means. Especially, at least one of the 
master object detector or the slave object detector has 
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adjusting means. Therefore, the threshold set by the 
selling means of the master object detector or slave 
object detector concerned or the threshold set b/ th 
setting means of the other slave object detector r mas- 
ter object detector can b adjusted. Hence, the operator 5 
can finely adjust the thresholds respectively set by the 
master object detector and the slave object detector so 
as to matdi a measuring environment 

According to an eighth aspect of the invention, in 
the construction of the object detector system according 10 
to the sixth or the seventh aspect of the invention, the 
setting means further includes automatic setthng means 
for setting, at a setting operatton. a threshold based on 
a detected quantity of the presence of the object and a 
detected quantity of ttie absence of the object is 

In the object detector system according to the 
eighth aspect of the Invention, \ the setting means 
includes automatic setting means. Therefore, at a set- 
ting operation, the threshold is automatically set based 
on a detected quantity obtained at the time a detecting 20 
operation is performed and a detected quantity obtained 
at ttie time a detecting operation is not performed. 
Hence, the operator is infomied of the automatically set 
threshold con-ectiy or can finely adjust the automatically 
set ttireshoW so as to match a measuring environment. 2s 

A display device for object detectors according to a 
nintti aspect of the invention is a display device that is to 
be connected to an object detector, and includes: conv 
municating means for communicating witti the object 
detector: and display means for numerically displaying a 30 
detected quantity obtained by the object detector based 
on data communicated by the communicating means or 
a threshold set by the object detector. 

In tine display device for object detectors according 
to the ninth aspect of the invention, the detected quan- ss 
tity obtained by ttie object d^ector or the threshold set 
by the object detector is numerically displayed. There- 
fore, the operator is Informed of the detected quantity or 
the threshold of the object detector con^ectiy. 

A setting device for object detectors according to a 40 
tentii aspect of ttie invention is a setting device that is to 
be connected to an dsject detector, and includes: com- 
municating means for communicating with the object 
detector; and acflusting means for adjusting a threshold 
set by tfie object detector tiirough the communicating 45 
means. 

In the setting device for object detectors according 
to the tenth aspect of the invention, the threshold set to 
the object detector can be adjusted by the adjusting 
means. Therefore, the operator can finely adjust the so 
threshold of tfie object detector so as to match a meas- 
uring environment 

ng. 1 is a block diagram showing a configuration of 
a master photoelectric switch in an embodim^ of 55 
the present invention; 

Rg. 2 is a block diagram showing a configuration of 
a slave photoelectric switch in the enixxf ment; 
Fig. 3 is a diagram showing a display panel f the 



photoelectric switch master unit shown in Rg. 1 ; 
Rg. 4 is a flowchart showing a display updating 
operation in the master photoelectric switch shown 
in Fig, 1 ; 

Rg. 5 is a diagram showing the format of an 
address used for reading and writing operations; 
Rg. 6 is a ffowchart showing an address setting 
operation to be performed by a control section of 
tfie master photoelectric switch shown In Fig. 1 ; and 
Rg. 7 is a flowchart showing a reading operation 
and a writing operation to be performed by the mas- 
ter photoelectric switch shown in Fig.1 . 

Rg. 1 is a block diagram showing a configuration of 
a master photoelectric switoh in an embodiment of the 
present invention. Further, Fig. 2 is a hilock diagram 
showing a configuration of a slave photoelectric switch 
in the ernbodiment 

A master photoelectric switch 100 shown in Rg, 1 
has a processing section 1 constructed of a gate array 
and a control section 2 constructed of a CPU (central 
processing unit). The processing section 1 includes a 
timing control section 3. a comparing section 4. an out- 
put section 5. a sensitivity setting conti-ol section 6, a 
quantity-of-received-light data register 7, a first thresh- 
old data register 8. a second threshold data register 9. 
and a transmitting and receiving register 10. 

The processing section 1 has a drive circuit 11. a 
light-emitting element 12. a light-receiving element 13. 
an amplifier 14. and an A/D converter (analog-to-digital 
converter) 15 connected tiiereto. Respective sensor 
heads section (not shown) are connected to tiie light- 
emitting element 12 and the light-receiving element 13 
through optical fbers. 

The timing confrol section 3 controls light-emitting 
timing of the light-emitting element 12 tiirough the drive 
circuit 1 1 . When the drive circuit 1 1 drives tiie light-emit- 
ting element 12. fight is projected onto a sensing region 
through an optical f foer (not shown) from the light-emit- 
ting element 12. In the case where the sensor head sec- 
tion is of a fransmitting type, when no object is present 
in ttie sensing region, tiie light injecting from the light- 
emitting element 12 is received by ttie light-receiving 
element 13. On the ottier hand, in the case where ttie 
sensor head section is of a reflecting type, when an 
object is present in ttie sensing region, the reflected 
light from ttie object is received by the light-receiving 
element 13. 

An output signal from ttie light-receiving element 13 
is amplified by ttie amplifier 14. and ttie amplified signal 
Is thereafter delivered to the A/D converter 15. The A/D 
converter 15 converts ttie output signal from the ampli- 
fier 14 to a digital signal, and ttie digital signal is given to 
ttie processing section 1 as quantity-of-rece'ived-light 
data. The quantity-of-received-light data is stored in the 
register 7 In ttie processing section 1 . 

The sensitivity setting control section 6 periorms 
sensitivity setting operation by means of a predeter- 
mined mettiod at ttie time of setting a sensitivity, and 
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automaticaOy sets a threshold. For example, th sensi- 
tivity setting control section 6 sets a threshold based on 
a maximum and a minimum of the quantity-of-received- 
light data: i.a. th sensitivity setting control section 6 
sets a threshold between such maximum and minimum. 
The master photoelectric switch 100 according to the 
present embodiment stores two pieces of threshold 
data obtained by twice (two turns) of sensitivity setting 
operation in the registers 8. 9 as a first piece of thresh- 
old data and a second piece of threshold data, respec- 
tively. The transmitting and receiving register 10 
temporarily stores data to be transmitted to and 
received from either the control section 2 or a slave pho- 
toelectric switch 200 shown in Rg. 2. 

The comparing section 4 compares the quantity-of- 
received-light data with the first piece of threshold data 
and the quantlty-of-received-light data with the second 
piece of threshold data on a time sharing basis, and 
applies the compared results to output terminals 26A. 
266 tiirough the output section 5 as a first detected sig- 
nal DET1 and a second detected signal DET2, respec- 
tively. The master photoelectric switch 100 has two 
channels "A", "B" corresponding to the first piece of 
threshold data and the second piece of threshold data, 
respectively Further, slave photoelectric switches 200 
sequentially connected to the master photoelectric 
switch 100 are sequentially given channels "1", "2", 
• « • 

Further, the processing section 1 has an LED sec- 
tion 16 which displays the detected results and the sen- 
sitivity conditions in the channels "A", "B". The 
processing section 1 also has a connector 17 which 
sen/es to connect the slave photoelectric switch 200 
shown in Rg. 2. 

On the other hand, the control section 2 has a sen- 
sitivity setting switch 18. an up switch 19, a down switch 
20, and a mode switch 21 connected thereto. The sen- 
sitivity switch 1 8 Is used to give a sensitivity setting com- 
mand to the sensitivity setting control section 6 of the 
processing section 1. Further, the up switch 19 and the 
down switch 20 are used to finely adjust a threshold set 
by the sensitivity setting control section 6. The mode 
switch 21 is mainly used to switch display modes that 
will be descrbed later. 

Furttier. the control section 2 has an EEPROM 
(electrically erasable and writable read only memory) 22 
connected ttiereto. The EEPROM 22 stores the first 
piece of threshold data second piece of threshold data, 
and channels of tiie master photoelectric switch 100. 
Furthermore, ttie control section 2 has an LCD section 
(liquid crystal display section) 23 connected thereto. 
The LCD section 23 gives a digital numerical display of 
the first piece of threshold data, second piece of ttiresh- 
okJ data, and quantity-of-received-light data of the mas- 
ter photoelectric switch 100 as well as of the quantity-of- 
received-light data and threshold data of the slave pho- 
toelectric switch 200. A red back light 24 and a green 
back light 25 are arranged on the LCD section 23. 

In the present embodiment, the timing control sec- 



tion 3. the drive circuit 1 1 , tiie light-emitting element 1 2, 
the light-receiving element 13. ttie amplifier 14. and the 
A/D converter 15 constitute the detecting means, and 
the comparing section 4 and the output section 5 consti- 
5 tute the comparing means. Furttier, the sensitivity set- 
ting control section 6 and the sensitivity setting switch 
18 constitute the setting means: ttie control section 2 
and the LCD section 23 constitute the display means; 
and ttie up switch 19, ttie down switch 20. and the con- 
to trol section 2 constitute ttie adjusting means. Further- 
more, the control section 2 and the LCD section 23 
constitute the display device for object detectors: and 
ttie up switch 19, ttie down switch 20, and the control 
section 2 constitute ttie setting device for object detec- 
ts tors. The transmitting and receiving register 10 consti- 
tutes the transmitting and receiving means. It may be 
noted tfiat the quantity of light received conesponds to 
ttie detected quantity. 

The slave photoelectric switch 200 shown in Rg. 2 
20 has a processing section 1 a constaxicted of a gate array. 
The processing section 1a includes a timing control sec- 
tion 3. a comparing section 4a, an output section 5, a 
sensitivrty setting control section 6. a quantity-of- 
received-light data register 7. a ttireshold data register 
25 8. and a transmitting and receiving register 1 0. 

Sintilarly to the master photoelectric switch 100 
shown in Fig, 1, the processing section la has a drive 
drcutt 11. a light-emitting element 12. a Gght-receiving 
element 13. an amplifier 14, and an A/D converter con- 
30 nected thereta The quantity-of-received-light data 
obtained by the A/D converter 15 is stored in ttie regis- 
ter 7. 

Only one ttireshold is set In ttie slave photoelectric 
switch 200. The sensitivity setting control section 6 per- 

35 forms sensitivity setting operation in response to ttie 
operation of a sensitivity setting switch 18, and therefore 
automatically sets a ttireshold. The ttireshold obtained 
by ttie sensitivity setting control section 6 is stored in the 
register 8 as ttireshold data. The transmitting and 

40 receiving register 1 0 temporarily stores data to be trans- 
mitted to and received from tfie master photoelectric 
switch 100 shown in Fig. 1. The comparing section 4a 
conpares ttie quantity-of-received-light data with ttie 
ttireshold data, and outputs ttie compared resutt to an 

45 output temiinal 26 as a detected signal DET tiirough tfie 
output section 5. 

Two connectors 17A, 17B are connected to ttie 
processing section la. These connectors 17 A. 17B 
serve to connect the master photoelectric switch 100 or 

60 another slave photoelectric switch. Here it is supposed 
ttiat the master photoelectric switch 100 is to be con- 
nected to ttie connector 17A and that anottier slave 
photoelectric switch is to be connected to ttie connector 
17B. Furttier. tfie processing section la also an EEP- 

55 ROM 22 connected ttiereto. The EEPROM 22 stores 
ttie ttireshold data of the slave photoelectric switch 200. 

Rg. 3 is a diagram showing a display panel of ttie 
master photoelectric switch 100. 

In Rg. 3, ttie LED section 16 includes: an peration 
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display LED 16A that displays a detecting conditbn f 
the channel "A"; an operation display LED 16B that dis- 
plays a detecting condition of the channel "B"; a sensi- 
tivity setting display LED 16C that displays a sensitivity 
setting condition. The operating display LED 16A lights 5 
up red when the detected signal of the channel "A" has 
turned on. The operating display LED 168 Bghls up red 
when the detected signal of the channel "B" has turned 
on. The sensitivity setting display LED 16C is lights up - 
yellow during sensitivity setting operation. Whether the /o 
detected signals DET1, DET2 turn on when fight is 
injected or when light is shielded can be selected by a 
not shown selector switch. 

When the sensitivity setting switch 18 is pressed, 
the threshold is automatically set t»y the sensitivity set- is 
ting control section 6 shown in Rg. 1. The up switch 19 
and the do¥wi switch 20 are employed to finely adjust 
the threshold set by the sensitivity setting control sec- 
tion 6. The LCD section 23 has a channel section 23a 
that displays a disf^ayed channel and a data display 20 
section 23b that displays the quantity-of-received-light 
data, threshold data* or detection ratio of the displayed 
channel. By the "detection ratio" it Is intended to mean a 
ratio of the quantity-of-received-Sght data with respect 
to the threshold data. That is. the detection ratio Indi- 25 
Gates a margin of the quantity of light received with 
respect to the threshold. 

When the mode switch 21 is kept pressed for a pre- 
determined time (ag.. three seconds) or more, the data 
displayed on the data display section 23b is switched 30 
between the quantity-of-received-light data and the 
detection ratia Furtiier. when the mode switch 21 is 

pressed for less than a predetermined time (e.g., 
three seconds), the data displayed on the data display 
section 23b is switched either between the quantity-of- 35 
received-light data and the threshold data or between 
the detection ratio and the threshold data. By operating 
the mode switch 21 in this way. the display mode 
switches over. Further, when ttie mode switch 21 is 
pressed logger with the up switch 1 9 or with tfie down 4o 
switch 20. the displayed channel of the channel section 
23a switches over. 

At tfie time tf>e power switch has been turned on. 
the channel ttiat was <fisplayed when tfie power writch 
was turned off last time Is displayed on tfie channel sec- 45 
tion 23a as the displayed channel, and the quantity-of- 
received-light data or the detection ratio of ti^ channel 
is displayed on ttie data display section 23b. 

The LCD section 23 gives a red display by fighting 
the back light 24 shown in Fig. 1 when tfie detected sig- so 
nal of ttie displayed channel his been turned on. and 
gives a green display by lighting tfie back light 25 shown 
in Fig. 1 when ttie detected signal of tfie displayed chan- 
nel has been turned off. 

Rg. 4 is a flowchart showing a display updating ss 
operation in the control section 2 of th master photoe- 
lectric switch 100 shown in Fig. 1 . The control section 2 
updates tfie display of tfie LCD section 23 by transmit- 
ting and receiving ttie quantity-of-received-fight data 
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and ttie ttireshokJ data to and from the processing sec- 
tion 1. 

Rrst the control section 2 sets the quantity-of- 
received-tight data reading frequency N to 0 (Step SI). 
The control section 2 then judges whether or not the 
switch has been tumed on (Step S2). When a command 
for finely adjusting ttie threshold is given from the up 
switch 19 or from ttie down switch 20 (Step S3), the con- 
trol section 2 perfonns ttireshotd data reading operation 
tiiat will be desaJbed later (Step 84). and adds to ttie 
read ttireshdd data a value inputted by ttie up switch 1 9 
or ttie down switch 20 (Step S5). The control section 2 
furttier performs ttireshold data writing operation in 
which ttie added result is written as updated ttireshold 
data, this writing operation being desaibed later (Step 
S6). and tfiereafter goes to Step Si 5. 

When a display nxxfe change command is given by 
ttie mode switch 21 (Step S7), ttie control section 2 
changes ttie display mode (Step S8). The control sec- 
tion 2 tfien performs the quantity-of-received-light data 
reading operation (Step 89). and tfiereafter goes to 
Step SI 5. 

Furttier, when a channel change command is given 
by ttie mode switch 21 togettier witti the up switch 1 9 or 
tfie down switch 20 (Step 810). tfie control section 2 
changes tfie channel (Step S11), and resets tfie quan- 
tity-of-received-light data reading frequency N to 0 
(Step SI 2). The control section 2 further performs ttie 
quantity-of-received-light data reading operation (Step 
813). and tfiereafter goes to Step 815. 

It may be noted that if there is no switch input in 
Step 82, ttie control section 2 performs ttie quantity-of- 
received-light data reading operation (Step 814). and 
ttiereafter goes to Step SI 5. 

In Step 815. ttie control section 2 increments ttie 
quantity-of-received-light data reading frequency N by 
1. The operations from Step 82 to Step SI 5 are 
repeated until the quantity-of-received-light data read- 
ing frequency N equals a predetermined value (e.g.. 8 
times). As a result, the quantity-of-received-light data 
reading operation is performed for a predetermined fre- 
quency (e.g., 8 times) at a predetermined cyde. Fur- 
ttier. if ttie channel has been changed, ttie quantity-of- 
received-fight data reading operation is performed for a 
predetenmined frequency (e.g.. 8 times) at a predeter- 
mined cyde from the change of the channel. 

When the quantity-of-received-light data reading 
frequency N equals the predetermined frequency (e.g., 
8 times) (Step 816). the control section 2 performs 
ttireshokl data reading operation ttiat will be descrbed 
later (Step 817). calculates average data by finding an 
average of the quantity-of-received-light data for a pre- 
determined frequency (e.g.. 8 times), and calculates 
detection ratio by finding ttie ratio of ttie average data to 
ttie ttireshold data (Step 818). The control section 2 
then updates the display of the quantity-of-received- 
Bght data, threshold data, or detection ratio of tfie cur- 
rent channel in ttie current display mode (Step 819). 

Then, tfie quantity-of-received-light data reading 
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operaton. as wdl as the threshold data reading and 
writing operation win be described with reference to 
Rgs. 5. 6, and 7. 

Fig. 5 is a diagram showing the format of an 
address given to the processing section 1 from the con- 
trol section 2 at the time the reading operation and the 
writing operation are performed. As shown in Rg. 5, an 
address includes a readAivrite bit RW. a quantity-of- 
received-light^reshold bit RT, and a channel CH. The 
read/write bit RW gives an indication as to whether 
reading operation is to be performed or writing opera- 
tion is to be performed. When this bit is set to "0". read- 
ing operation Is to be performed, and when this bit Is set 
to T, writing operation is to be performed. The quan- 
tity-of-received-lightyihreshold bit RT gives an indication 
as to whether the data to be operated is the quantity-of- 
received-tight data or the threshold data. When this bit 
is set to "0", the data to be operated is the quantity-of- 
received-light data, and when this bit is set to "1", the 
data to be operated is the threshold data. Further, the 
channel CH indicates the channel to be displayed or 
finely adjusted. 

Rg. 6 is a flowchart showing an address setting 
operation by the control section 2. 

RrsL the control section 2 judges whether the data 
to be operated is the quantity-of-received-light data or 
the threshold data (Step S21). In the case of operating 
the quantity-of-received-light data, the control section 2 
sets the quantrty-of-received-light/threshold bit RT to "0" 
(Step S22). Then, the control section 2 sets the 
read/write bit RW to "0" (Step S23). 

In the case where the data to be operated is the 
threshold, the control section 2 sets the quantity-of- 
received-lightrthreshold bit RT to "1" (Step S24). and 
judges whether reading operation is to be performed or 
wrrting operation is to be performed based on whether 
the up switch 19 or the down switch 20 has been 
pressed (Step S25). If the reading operation is to be 
performed, the control section 2 sets the read/write bit 
RW to t)" (Step S26). whereas if the writing operation is 
to be performed, the control section 2 sets the 
read/write bH RW to "1" (Step S27). 

The control section 2 thereafter sets the channel 
CH based on the channel set by the mode switch 21 
together with the up switch 19 or the down switch 20 
(Step S28). Then, the control section 2 sets an address 
including the read/write bit RW, quantity-of-received- 
light/threshokJ bft RT and channel CH that have been 
set (Step S29). 

Rg. 7 is a flowchart showing the reading operation 
and the writing operation to be performed by the 
processing section 1 and the control section 2. 

Rrst the control section 2 performs the address 
setting operation shown in Fig. 6 (Step S31). Then, the 
set address is transmitted from the control section 2 to 
the processing section 1 (Step S32). 

The processing section 1 judges whether the read- 
ing operation 1st be performed or the writing operation 
is to be perionmed based on the read/wnte bit RW of the 



received address (Step S33). In the case where the 
reading operation is to be performed, the control section 
2 judges whether the reading operation is performed 
upon the master photoelecti^ic switch (itself) 100 or the 

5 reading operation is to be performed upon the slave 
photoelectric switch 200 based on the channel CH of 
the address (Step S34). That is. if the channel CH is set 
to "A" or "B", the reading operation is performed upon 
tiie master photoelectric switch 1 00. whereas the chan- 

10 nel CH is set to a numeral tiiat is "1" and so on, tiie 
reading operation is to be performed upon the slave 
photoelectric switch 200. 

In the case where the reading operation is to be 
performed upon the master photoelectric switch (itself) 

IS 100. the processing section 1 sets the quantity-of- 
received-light data stored in tiie register 7, the first piece 
of threshold data stored in the register 8. or the second 
piece of threshold data stored in the register 9 in the 
transmitting and receiving register 10 as read data 

20 based on the quantity-of-received-lightmireshold bit RT 
(Step S35). The read data in the transmitting and 
receiving register 10 is transmitted from the processing 
section 1 to the cortrol section 2 (Step S36). The control 
section 2 displays the read data to the data display sec- 

2S tion 23b of the LCD section 23. 

On the other hand, In the case where the reading 
operation is to be performed upon the slave photoelec- 
tric switch 200. the processing section 1 transmits an 
address to the concerned slave photoelectric switch 

30 200 based on the channel CH of the address (Step 
S37). In this case, the slave photoelectric switch 200 
tiiat has received the address judges that the reading 
operatfon should be perfomied based on the read/write 
bit RW of the address, and judges whether the quantity- 

35 of-received-&ght data is to be operated or the threshold 
data is to be operated based on the quantity-of- 
received-light/lhreshold bit RT and transmits the quan- 
tity-of-received-llght data or the threshold data as ttie 
read data to the master photoelectric switch 100 

40 through the connector 1 7A. 

When the processing section 1 of the master photo- 
electric switoh 100 receives the read data from the slave 
photoelectric switch 200 at the transmitting and receiv- 
ing register 10 (Step S38). the processing section 1 

45 transmits the read data to the control section 2 (Step 
S39). The control section 2 displays the received read 
data on the data display section 23b of the LCD section 
23. 

If it is determined ttiat the writing operation is to be 
60 performed in Step S33. whetiier the writing operation is 
to be performed [jpon the master photoelectric switch 
(itself) 100 or tfie writing operation is to be performed 
upon the slave photoelectric switch 200 is judged based 
on the channel CH of tiie address (Step S40). In the 
55 case where the writing operation is to be performed 
upon the master photoelectric switch (itseH) 100. written 
data is transmitted to tfie processing section 1 from the 
control section 2 (Step S41). Here, by the "written data" 
it is intended to mean a value obtained by adding a 
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value inputted from the up switch 1 9 or the down switch 
20 to the threshold data read by the last reading opera- 
tion. The processing section 1 sets the received written 
data as new threshold data in either the register 8 or 9 
In accordance with the channel CH of the address. 5 

On the other hand, in the case where the writing 
operation is to be performed upon the slave photoelec- 
tric switch 200. the processing section 1 transmits an 
address to the concerned slave photoelectric switch 
200 based on the channel of the address (Step S43). 10 
Written data is thereafter transmitted from the control 
section 2 to the processing section 1 (Step S44). Here, 
by the Vritten data" it is intended to mean a value 
obtained by adding a value inputted from the up switch 
19 or the down switch 20 to the threshold data read by is 
the last reading operation. 

The processing section 1 transmits the received 
written data to the slave photoelectric switch 200 
through the connector 17 (Step S45). The slave photo- 
electric switch 200 that has received the written data 20 
judges the received written data as the new threshold 
data based on the read/write bit RW and quantity-of- 
received-light/threshold bit RT of the address and staes 
the written data in the register 8. 

Thus, by operating the mode switch 21 together 25 
with the up switch 19 or the down switch 20 shown in 
Fig. 3, the channel in the channel section 23a is 
switched, and by operating the mode switch 21 . the data 
to be displayed on the data display section 23b is 
switched among the quantity-of-received-light data, the 30 
threshold data, and the detection ratia 

As a result, the operator is informed of the quantity- 
of-received-light data, first piece of threshold data and 
second piece of threshold data, and detection ratio of 
the master photoelectric switch 100, as well as the 55 
quantity-of-received-light data, threshold data, and 
detection ratio of the slave photoelectric swrtch 200 cor- 
rectly. 

Further, not only the threshold in the channel dis- 
played on the channel section 23a is finely adjusted by 40 
operating the up switch 19 or the down switch 20, but 
also the new threshold data is displayed on the data dis- 
play section 23b. Therefore, the operator can finely 
adjust the thresholds set to the master photoelectric 
swrtch 100 and the slave photoelectric switch while 4S 
watching the indication on the data display section 23b. 

While the case where the display device for object 
detectors and the setting device for object detectors of 
the present invention are integrally formed with the mas- 
ter photoelectric switch 100 has been described in the so 
aforementioned embodiment, each of a display device 
for photoelectric switches and a setting device for pho- 
toelectric switches may be designed as an independent 
unit Further, the display device for object detectors and 
the setting device for object detectors may be integrally ss 
formed with the slave photoelectric switch 200. 

Further, while the case where the present Invention 
is applied t photoelectric switches and a photoelectric 
switch system has been described in the af remen- 
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tioned embodiment, the present invention is applicable 
similarly to ther types of object detectors such as prox- 
imity switches, ultrasonic swrtches as well as to other 
types of object detector systems. 

Claims 

1. An object detector comprising detecting means for 
outputting a detected quantity based on a presence 
or absence of an object to be detected, setting 
means for setting a threshold, and comparing 
means for comparing the detected quantity 
obtained by the detecting means with the threshold 
set by the setting means and outputting a detected 
result 

characterized in that said object detector fur- 
ther comprises display means for numerically dis- 
playing either the detected cpjantity obtained by the 
detecting means or tiie threshold set by the setting 
means. 

2. The object detector according to daim 1. further 
comprising adjusting means for adjusting the 
threshold set by the setting means. 

3. The object detector according to claim 1 or 2, 
wherein the setting means further comprises auto- 
matic setting means for setting a threshold, at a set- 
ting operation, based on a detected quantity of the 
presence of the ot^ect and a detected quarrtity of 
the absence of the object. 

4. An object detector comprising detecting means for 
outputting a detected quantity based on a presence 
or absence of an object to be detected, setting 
means for setting a threshold, and comparing 
means for comparing the detected quantity 
obtained by ttie detecting means witti the tinreshold 
set by the setting means and outputting a detected 
result 

characterized in that said object detector fur- 
tiier comprises display means for numerically dis- 
playing a detection ratio of the detected quantity 
obtained by the detecting means witii respect to the 
tiireshokJ set by the settirfg means. 

5. An object detector comprising detecting means for 
outputting a detected quantity based on a presence 
or at>sence of an object to be detected, setting 
means for setting a threshold, at a setting opera- 
tion, based on a detected quantity of ttie presence 
of the object and a detected quantity of the absence 
of the object and comparing means for conparing 
the detected quantity obtained by the detecting 
means with the threshold set by the setting means 
and outputting a detected result. 

characterized in that said object detector for- 
ttier comprises adjusting means for adjusting tiie 
tiveshold set by the setting means. 
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6. An object detector system conprising: 

a master object detector; and a slave object 
detector, each of the noaster object detector 
and the slave object det ctor comprising: 
detecting means for outputting a detected 
quantity based on a presence or absence of an 
object to be detected; 
setting means for setting a threshold; curd 
conparing means for corrparing the detected 
quantity obtained by the detecting means with 
the threshold set by the setting means and out- 
putting a detected result 

wtierein the master ot)ject detector fur- 
ther oonnprising: 

display means for numerically displaying 
the detected quantity obtained by the 
detecting means of the master object 
detector, the detected quantity obtained by 
the detecting means of the slave object 
detector, the threshold set by the setting 
means of the master object detector, or the 
threshold set by the setting means of the 
slave object detector. 

7. An ol^ect detector system comprising: 

a master object detector; and a slave object 
detector, each of the master object detector 
and the slave object detector comprising: 
detecting means for outputting a detected 
quantity based on a presence or absence of an 
object to be detected: 
setting means for setting a threshold; and 
comparing means for comparing the detected 
quantity obtained by the detecting means with 
the threshold set by the setting means and out- 
putting a detected result; 

wherein at least either one of the master 
object detector or the slave object detector fur- 
ther comprises: 

adjusting means for adjusting the thresh- 
old set by the setting means of the master 
object detector or slave object detector or 
the threshold set by the setting means of 
the otiier slave object detector or master 
object detector 

8. The object detector system according to daim 6 or 
7. wherein the setting means further comprises 
automatic setting n^ns for setting, at a setting 
operation, a threshold based on a detected quantity 
of the presence of the object and a detected quan- 
tity of the absence of the object 

9. A display device connected to an object detector, 
comprising: 
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communicating means for communicating with 
the object detector: and 
display means for numerically displaying a 
detected quantity obtained by the object detec- 
tor based on data communicated by the com- 
municating means or a threshold set by the 
object detector. 

10. A setting device connected to an object detector, 
comprising: 

communicating means for communicating with 
the object detecta; and 
adjusting means for adjusting a threshold set 
by the object detector through the conrununicat- 
Ing means. 

11. An object detector for detecting a presence or 
absence of an object, comprising: 

a detector for outputting a presence quantity in 
case of the presence the object and an 
absence quantity in case of the absence of the 
object; 

setting means for setting a threshold being 
t}etween the presence quantity and the 
absence quantity; 

comparing means for comparing the quantity 
detected by the detector with ttie threshold set 
by the setting means and outputting a detected 
result; and 

a display for numerically displaying either the 
quantity detected by the detector or the thresh- 
old set t>y the setting means. 

12. The object detector according to claim 1 1 . wherein 
the display including a back light having two colors 
switching over one another, one of the two colors for 
the presence quantity and the other ttiereof for the 
absence quantity. 

1 3. The ot)ject detector according to claim 1 1 or 1 2, fur- 
ther conprising: 

a mode switch for changing displaying at the 
display between the quantity detected by the 
detector and the threshold set by tfie setting 
means. 

14. An object detector for detecting a presence or 
absence of an object at plural channels, compris- 
ing: 

detectors, each of the detectors positioned at 
the respective channels, for outputting a pres- 
ence quantity in case of the presence the 
object and a afc»sence quantity in case of the 
absence of the object at the respective chan- 
nels; 
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setting means for setting a threshold being 
betM/een the presenc quantity and th 
absence quantity with respect to each of the 
detectors; 

comparing means lor comparing the quantity s 
detected by the respective detectors with the 
respective thresholds set by the setting means 
and outputting a detected result; and 
a display for numerically displaying either the 
quantity detected by one of the detectors or the 10 
threshold for the one of the detectors set by the 
setting means. 

15. The object detector according to claim 14. further 

conprising: 

a channel change switch for changing the dis- 
play for one of the channels to the other. 

16. The otiject detector according to daim U or 15. 
wherein the display including a back light having 
two colors switching over one another, one of the 
two colors for the presence quantity and the other 
thereof for the absence quantity. 

17. The object detector according to daim 14, 15. or 
16. further comprising: 

a mode switch for changing displaying at the 
display between the quantity detected by one so 
of the detectors and the threshold for the one 
detector set by the setting means. 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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